BENCHMARKS
3′ Rapid amplification of cDNA ends (RACE) has been an invaluable tool for molecular biologists since its inception (1) . This method and the subsequent method of 3′ RACE walking (2) enable the simple and effective amplification of 3′ flanking cDNA sequence in a ligation-independent manner (3) . However, despite their capacity for the suppression of nonspecific PCR products (4), they remain essentially one-sided reactions. As such, they can be compromised in their selection of specific products in difficult scenarios, such as long coding or 3′ untranslated regions and regions including high GC content, secondary structure, or homopolymeric tracts (5, 6) .
Here the best features of 3′ RACE and universal fast walking (7) are combined to produce 3′ RACE lariat-dependent nested PCR (3′ RACE LaNe), a method as quick and simple to perform as 3′ RACE (Figure 1 ). The method enables gene-specific fully nested PCR series (8) without the requirement for random priming or efficient exonuclease I processing. I demonstrate that the method outperforms a conventional heminested anchored PCR 3′ RACE series (9) when it is applied to the long and complex tammar wallaby ATRX gene (10) and the mouse PGK1 and GAPD genes ( Figure 2 ). Total RNA was extracted from adult tammar wallaby (Macropus eugenii) testis tissue (for ATRX experiments) and the mouse mammary epithelial cell line, HC11 (for PGK1 and GAPD experiments), using the GenElute™ Mammalian Total RNA Kit (Sigma, Sydney, NSW, Australia). Tissue was collected during an earlier study (10) min. Five microliters of single-stranded cDNA were used directly as a template in 50 μL first-round hot-start PCRs (40 cycles of 94°C for 1 min, 50°C for 1 min, and 72°C for 5 min) employing PfuTurbo ® DNA Polymerase (Stratagene, La Jolla, CA, USA). Gene-specific primer 4 (GSP4) and TTTANC primers (5′-GACCACGCGTATCGAT-GTCGACTTTTTTTTTTTTTTTTV-3′) (5′/3′ RACE system; Roche Applied Science, Castle Hill, NSW, Australia) ( Figure 1) were included in the firstround PCR of the heminested, anchored PCR 3′ RACE scheme, while GSP1 and GSP4 were included in the first-round PCR of the 3′ RACE LaNe reaction scheme. Product from each first-round PCR (0.
Terminal transferase activity could severely compromise 3′ RACE LaNe due to the requirement for genespecific intrastrand priming. High fidelity, thermostable DNA polymerases and polymerase blends lacking terminal transferase activity are appropriate for 3′ RACE LaNe. GSP5 and ANC (5′-GACCACGCGTATCGATGTC-GAC-3′) were included in the secondround PCR of the heminested anchored PCR 3′ RACE scheme, while GSP2 and GSP5 were included in the secondround PCR of the 3′ RACE LaNe reaction scheme. Product from the same reverse transcription reaction was used as Figure 1) . A minus sign indicates no template control reactions. RT indicates reactions in which reverse-transcribed material was used as template. Numbers 1, 2, 4, and 5 represent gene-specific primers 1, 2, 4, and 5, respectively. The letters T and A represent TT-TANC and ANC primers, respectively. Therefore, RT4T and RT4T5A indicate products of the firstand second-round PCRs of the heminested 3′ rapid amplification of cDNA ends (3′ RACE) approach, respectively, and RT41 and RT4152 indicate the products of the first-and second-round PCRs of the 3′ RACE lariat-dependent nested PCR (LaNe) approach, respectively. (b) Separation on 1.3% 0.5× TBE agarose gel of products yielded from 3′ RACE LaNe and heminested 3′ RACE PCR series applied to the PGK1 and GAPD genes of the mouse. M indicates a 100-bp DNA ladder (New England Biolabs, Arundel, QLD, Australia). Sample lanes are labeled as described in Figure 2a . All samples were derived from reverse-transcribed template. a b BENCHMARKS a template for both the 3′ RACE LaNe and the heminested anchored 3′ RACE approaches. The same gene-specific primers employed in the heminested anchored 3′ RACE approach were used during the 3′ RACE LaNe. Products were visualized by UV transillumination after agarose gel electrophoresis. PCR products were subjected to direct sequencing using ABI Prism ® BigDye™ Terminators v.3.1 (Applied Biosystems, Scoresby, Australia) primed by GSP5 or GSP6. Electrophoresis was performed by the Wellcome Trust Sequencing Facility, Monash Medical Centre (Clayton, VIC, Australia).
3′ RACE LaNe represents a new method for determining 3′-terminal cDNA sequence adjacent to a known region. The method is as at least as rapid and simple to perform as 3′ RACE but allows the exquisite specificity and sensitivity of a gene-specific fully nested PCR series. I demonstrate the method alongside a heminested anchored 3′ RACE reaction series to determine previously unknown 3′-terminal tammar wallaby ATRX sequence. 3′ RACE LaNe yielded visible product after a single PCR, whereas heminested anchored 3′ RACE did not (Figure 2a ). Both methods exhibited high product yields after a second reaction. However, the major product of the heminested anchored 3′ RACE approach was prematurely truncated at an A-rich tract (data not shown). 3′ RACE LaNe also performed well using limited starting material when applied to the PGK1 and GAPD genes of the mouse (Figure 2b ). Both 3′ RACE LaNe and conventional 3′ RACE were successful in producing GAPD-specific products of approximately 1 kb. However, 3′ RACE LaNe yielded an 800-bp PGK1-specific product, while no detectable product was produced using conventional 3′ RACE.
In challenging scenarios, 3′ RACE LaNe offers multiple fully nested PCRs that yield more consistent success than one-sided strategies. The robustness, speed, low cost, and simplicity of 3′ RACE LaNe and the ready availability of reagents make it a powerful new tool for 3′-terminal cDNA sequence determination. 3′ RACE LaNe, 3′ rapid amplification of cDNA ends lariat-dependent nested PCR; GSP, gene-specific primer; N.A., not applicable.
